Adverse effects of parental smoking during pregnancy in urban and rural areas by unknown
Andriani and Kuo BMC Pregnancy and Childbirth  (2014) 14:414 
DOI 10.1186/s12884-014-0414-yRESEARCH ARTICLE Open AccessAdverse effects of parental smoking during
pregnancy in urban and rural areas
Helen Andriani1 and Hsien-Wen Kuo1,2*Abstract
Background: Parental smoking during pregnancy is associated with lower birthweight and gestational age, as well
as with the risks of low birthweight (LBW) and preterm birth. The present study aims to assess the association of
parental smoking during pregnancy with birth outcomes in urban and rural areas.
Methods: This was a secondary analysis of data collected in the Indonesia Family Life Survey, between 1993 and
2007, the first national prospective longitudinal cohort study in Indonesia. Retrospective data of parental smoking
habits, socioeconomic status, pregnancy history and birth outcomes were collected from parents with children
aged 0 to 5 years (n = 3789). We assessed the relationships between the amount of parental smoking during
pregnancy with birthweight (LBW) and with gestational age (preterm birth).
Results: We found a significant reduction in birthweight to be associated with maternal smoking. Smoking (except
for paternal smoking) was associated with a decrease in the gestational age and an increased risk of preterm birth.
Different associations were found in urban area, infants born to smoking fathers and both smoking parents
(>20 cigarettes/day for both cases) had a significant reduction in birthweight and gestational age as well as an
increased risk of LBW and preterm birth.
Conclusions: Residence was found to be an effect modifier of the relation between parental smoking during
pregnancy, amount of parental smoking, and birth outcomes on their children. Smoking cessation/reduction and
smoking intervention program should be advised and prioritized to the area that is more prone to the adverse birth
outcomes.Background
Tobacco smoking is a global public health problem.
Cigarette smoke not only affects smokers but also contrib-
utes to the health problems of nonsmokers [1]. Birth-
weight in the short term increases when the frequency of
parental smoking decreases; in the long term it increases
when maternal health and nutrition improve [2]. Low
birthweight (LBW) is associated with increased morbid-
ities and mortalities in neonates. Preterm birth also leads
to several complications, such as respiratory distress, feed-
ing intolerance, and below-normal neurodevelopment [3].
Many chemicals in maternal smoking and second-hand
smoke pass from the pregnant woman to the fetus
through the placenta [4,5]. Nicotine, the most important
component of tobacco, is present in the placenta at a 15%* Correspondence: hwkuo@ym.edu.tw
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unless otherwise stated.higher concentration than in maternal blood. Carbon
monoxide in smoke can affect the baby’s growth and can
lead to low birthweight [6]. Maternal active smoking
during pregnancy induces birthweight decreases [7-9]
and significantly increases the risk of LBW and preterm
birth [10,11]. Additionally, when maternal and paternal
cigarette consumption during pregnancy has been spe-
cifically evaluated relative to its association with birth-
weight and gestational age, the results are mixed. Many
studies showed a significant decrease in the birthweight
of their children among smoking fathers [11-16], while
others demonstrated that paternal smoking did not de-
crease birthweight [17]. Some studies have suggested that
the associations between paternal smoking with LBW and
with preterm birth infants were insignificant [17-19].
The National Socio-Economic Survey and Basic
Health Research, a series of population-based surveys
in Indonesia, revealed that smoking prevalence among
adults 15 years or older has increased from 26.9% inntral. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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34.7% in 2010. This largely reflects an increasing smok-
ing prevalence among males, from 53.4%, 62.2%, 63.1%,
65.6% to 65.9% during this period. As smoking among
adult males has been steadily increasing, so too has
consumption among women, from 1.7%, 1.3%, 4.5%,
5.2% to 4.2%, with almost a 300% increase from 1.3% in
2001 to 5.2% in 2007 [20-22]. Smoking prevalence rates
in rural areas were higher than those in urban areas for
both female and male adults [23]. If these smoking be-
haviors in female adults during pregnancy increase, the
continued rise will inevitably lead to a further increase
in the already high burden of birth outcomes on their
children. This shows an urgent need to take action so
as to reduce the prevalence of smoking.
In Indonesia, health disparities across the urban–rural
gradient exist. Rural residents compared to urban, have
poorer health outcomes and is one of influencing factors
contributing to health inequalities in Indonesia [24].
Urban–rural disparities in adverse birth outcomes have
been suggested including smoking behaviors [25,26]. In
this study our primary objective was to evaluate the as-
sociations of existence of parental smoking and amount
of parental smoking during pregnancy with the birth
outcomes of their children of different residence.
Methods
Data sources
This study involved secondary analysis from Indonesia
Family Life Survey (IFLS), the first national prospective
longitudinal cohort study in Indonesia, collected between
1993 and 2007. The dataset are publicly available at
RAND website (http://www.rand.org/labor/FLS/IFLS.
html). The author granted access to the dataset by reg-
istering for access to the IFLS data download link. The
sample represents about 83% of the Indonesian popula-
tion, covering 13 major provinces out of a total of 27
provinces [27]. The IFLS randomly selected 321 enu-
meration areas (EAs) within each of the 13 provinces
chosen from a nationally representative sample frame
used in the 1993 SUSENAS, a socioeconomic survey.
The SUSENAS frame, designed by the Indonesian Central
Bureau of Statistics (BPS), was based on the 1990 census.
Of the 7,730 households sampled, a complete interview
was obtained for 7,039 households or 91.1 percent of
households. In a household, two children aged 0 to 14
years were randomly selected. The eligible children in-
cluded all biological, step or adopted children of the
household head and spouse, as well as any children fos-
tered to any adult in the household.
Ethical oversight
The survey and its procedures were properly reviewed
and approved by IRBs in the USA (at RAND) and inIndonesia, at Gajah Mada University (UGM) and earlier
at University of Indonesia (UI). The relevant institutions
should be able to accept the IRB approvals that were
given for the surveys by RAND, UGM and UI and does
not need to review any documents.Measurement
Parental smoking during pregnancy and birth outcomes
were quantified between 1993 and 2007, using Indonesia
Family Life Survey database. Parents with children aged
0 to 5 years gave information regarding their smoking
habits, socioeconomic status, and pregnancy history and
birth outcomes. There were 3,789 liveborn infants. Of
these births, missing data included: birthweight 553
(14.6%) births and gestational age 553 (14.6%) births.
These births were excluded from the study. In birth out-
comes variables (birthweight and gestational age), 553
observations had missing data and were not included in
the analysis. LBW means a birthweight of <2500 g, and
preterm delivery was defined as a gestational age of <37
weeks.
Prenatal parental smoking was based on self-reported
parental smoking history. The relevant questions were
asked for mother and father separately, such as “Have
you had the habit of smoking cigarettes? [Yes/no]”. “Do
you still have the habit of smoking cigarettes or have
you totally quit? [Still going on/have quit]”. We then
constructed two variables: (a) paternal smoking status
and (b) maternal smoking status. Each variable was clas-
sified into smokers, quitters, and non-smokers. To get
information about the paternal and maternal smoking
status during pregnancy, we pieced together information
on “At what age (years) did you start to smoke cigarettes
on a regular basis?” and “How long (years, months,
weeks) have you totally quit from smoking cigarettes?”
From the first question, we obtained information on
whether the father or mother who smoked was smoking
during pregnancy, by simultaneously looking at the age
they began to smoke, their age, and their child’s age.
From the second question, we obtained information on
whether the father or mother who quit smoking smoked
during pregnancy, by simultaneously looking at the
duration of quitting smoking and their child’s age. We
then constructed two variables: (a) paternal smoking
during pregnancy and (b) maternal smoking during
pregnancy. We classified each variable into smokers
and non-smokers. We then combined paternal and mater-
nal smoking during pregnancy into one key explanatory
variable called “parental smoking during pregnancy”,
which was categorized into: (a) neither parent smoked,
(b) only the father smoked (paternal smoking), (c) only
the mother smoked (maternal smoking); and (d) both
parents smoked.
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for mother and father separately, such as “How much
do/did you approximately consume now/before totally
quitting? [Total amount in cigarettes a day]”. We then
constructed two variables: (a) paternal smoking amount
and (b) maternal smoking amount. We classified pater-
nal smoking into: (a) none, (b) 1-10 cigarettes/day, (c)
11-20 cigarettes/day, and (d) >20 cigarettes/day. Due to
the small percentage of mothers who smoked > 10 ciga-
rettes/day, maternal smoking amount was classified into
three categories only: (a) none, (b) 1-10 cigarettes/day,
and (c) >10 cigarettes/day. We then combined paternal
and maternal smoking amount into one key variable
called “smoking amount in both parents”. We consid-
ered three categories: (a) none, (b) 1-20 cigarettes/day,
and (c) >20 cigarettes/day.Potential covariates and effect measure modifier
We considered the following as covariates for birthweight
and gestational age: sex of infant (boy and girl), birth order
(1, 2 or 3, and 4 or more), maternal age at delivery (<21,
21-34, and >34 years), father’s education (none, elemen-
tary, junior high school, senior high school, and post-
graduate), maternal employment status (not working and
working), parental BMI (both parents <25 kg/m2, only
mother ≥ 25 kg/m2, only father ≥ 25 kg/m2, and both par-
ents ≥25 kg/m2), household income (lowest, middle, high-
est), and residence (urban and rural). The information
about the father’s education, maternal employment status,
parental BMI, household income, and residence were ob-
tained after the child was born. We used those variables
as covariates for birthweight and gestational age because
we assumed that those variables did not exhibit much dif-
ference before and after the child was born.Statistical analyses
We performed all statistical analyses using SPSS 20.0 and
SAS 9.3 for Windows. We used Chi-squared tests to test
for differences between parental smoking during preg-
nancy for each individual and family characteristic. Using
multivariable linear regression, controlling for covariates,
we assessed the relationships of parental smoking during
pregnancy with continuous outcomes (birthweight and
gestational age). Multiple logistic regression analyses con-
trolled for covariates estimated the odds ratios (ORs) and
95% confidence intervals of LBW and preterm birth. To
evaluate the functional relation between birth outcomes
as a continuous and binary dependent variable and paren-
tal smoking amount, we applied a Generalized Additive
Model (GAM). The models were adjusted for birth order.
By default, the smoothing parameter for each B-spline
term is chosen to yield four degrees of freedom. We set
the statistical threshold for significance at 0.05.Sensitivity analyses
For sensitivity analyses, we re-ran the analyses to assess
whether the birth outcomes results related to parental
smoking would change substantially if we included/omit-
ted adjustment to various covariates and interactions to
ensure that they produce approximately the same re-
sults. We also tested the final model by including/omit-
ting adjustment to various covariates to the stratified
analysis. We found that a stratified model is sensitive to
maternal age in the rural area but not in urban area.
Results
Table 1 presents the distribution of basic characteristics
of the participants and their families by parental smok-
ing during pregnancy. Significant differences among par-
ental smoking during pregnancy were identified for birth
order, maternal age at delivery, father’s education, mater-
nal employment, parental BMI, household income, and
residence. We found the percentage of nonsmoking par-
ents, paternal smoking, maternal smoking and both par-
ents smoking during pregnancy to be 23.5%, 71.5%,
2.4%, and 2.7%, respectively. Compared to infants born
to nonsmoking parents, infants born to smoking fathers
were more likely to be born after the third child (26.8%);
born to a mother younger than 21 years old (11.0%),
a non-educated father (16.7%), or an unemployed
mother (54.7%); born to parents both having a BMI < 25
kg/m2 (79.9%), a low income family (24.9%) or in a
rural area (58.7%). We found similar results for infants
born to smoking mothers and parents who both smoke
(see Table 1).
Birth order, maternal age at delivery, maternal employ-
ment status, parental BMI, and residence were signifi-
cantly associated with parental smoking during pregnancy.
Table 2 shows that after adjusting for the covariates, we
found the mean birthweight to be significantly associated
with paternal and maternal smoking. Newborns of parents
with a nonsmoking father and smoking mother had a
mean birthweight of 136 lower than that of newborns
of nonsmoking parents. Infants born to smoking par-
ents decreased 84 g, on an average, though this result
was not statistically significant (p = 0.096). With the
baseline of nonsmoking parents, the odds ratios for pa-
ternal smoking (OR = 0.89), maternal smoking (OR =
2.58), and both parents smoking (OR = 2.37) did not
show an association with a risk of LBW.
Due to small percentage of mothers who smoked and
both parents who smoked, we only put birth order as a co-
variate for the association between parental smoking
amount and birth outcomes of their children. The associ-
ation between paternal smoking amount and birthweight
was evident in the group of fathers who smoked >20
cigarettes/day, with a 151 g decrease in birthweight.
The association of the maternal smoking amount with
Table 1 Participants and their family characteristics and parental smoking during pregnancy
Characteristic Neither parent smoked Only father smoked Only mother smoked Both parents smoked P
n (%) n (%) n (%) n (%)
Sex of infant 0.135
Boy 408 (51.3) 1220 (50.9) 43 (51.2) 89 (61.0)
Girl 388 (48.7) 1176 (49.1) 41 (48.8) 57 (39.0)
Birth order 0.001
1 201 (29.3) 544 (25.4) 17 (23.9) 15 (18.3)
2 or 3 311 (45.3) 1022 (47.8) 32 (45.1) 28 (34.1)
4 or more 175 (25.5) 574 (26.8) 22 (31.0) 39 (47.6)
Maternal age at delivery <0.001
<21years 67 (9.8) 235 (11.0) 17 (25.0) 7 (8.6)
21 – 34 years 594 (87.2) 1834 (86.1) 46 (67.6) 66 (81.5)
>34years 20 (2.9) 61 (2.9) 5 (7.4) 8 (9.9)
Father’s education <0.001
None 126 (16.6) 380 (16.7) 19 (23.5) 33 (22.9)
Elementary 285 (37.6) 1169 (51.3) 27 (33.3) 73 (50.7)
Junior high 105 (13.9) 300 (13.2) 8 (9.9) 22 (15.3)
Senior high 152 (20.1) 309 (13.6) 19 (23.5) 12 (8.3)
Post-graduate 89 (11.8) 121 (5.3) 8 (9.9) 4 (2.8)
Maternal employment 0.015
Not working 388 (53.0) 1224 (54.7) 37 (48.7) 45 (39.8)
Working 344 (47.0) 1015 (45.3) 39 (51.3) 68 (60.2)
Parental BMI <0.001
Both parents < 25 kg/m2 510 (74.5) 1703 (79.9) 52 (73.2) 68 (84.0)
Only mother ≥ 25 kg/m2 83 (12.1) 268 (12.6) 7 (9.9) 12 (14.8)
Only father ≥ 25 kg/m2 66 (9.6) 126 (5.9) 8 (11.3) 0 (0.0)
Both parents ≥ 25 kg/m2 26 (3.8) 35 (1.6) 4 (5.6) 1 (1.2)
Household income 0.001
Q1 (lowest) 119 (17.8) 504 (24.9) 12 (18.2) 23 (26.4)
Q2 (middle) 391 (58.6) 1154 (57.1) 43 (65.2) 43 (49.4)
Q3 (highest) 157 (23.5) 364 (18.0) 11 (16.7) 21 (24.1)
Residence <0.001
Urban 401 (50.4) 990 (41.3) 41 (48.8) 43 (29.5)
Rural 395 (49.6) 1406 (58.7) 43 (51.2) 103 (70.5)
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dependent. All infants of the maternal smoking groups
had lower birthweights, ranging from 117 g (1-10 ciga-
rettes/day) to 351 g (>10 cigarettes/day). The largest
estimate of association between the smoking amount
in both parents and birthweight was among parents
who smoked > 20 cigarettes/day (combined), with an
average birthweight decrease of 156 g. The fathers who
smoked >20 cigarettes/day had a significantly higher
risk of having LBW infants than those fathers who did
not smoke (OR = 2.09, 95% CI [1.38, 3.17], p < 0.001).Mothers who smoked > 10 cigarettes per day had a sig-
nificant fourfold increase in LBW risk compared with
nonsmoking mothers (OR = 4.07, 95% CI [1.88, 8.82],
p < 0.001). Compared with the nonsmoking parents, the
risk of LBW significantly increased in for parents who
(combined) smoked >20 cigarettes/day (OR = 2.24, 95%
CI [1.47, 3.41], p < 0.001).
Table 3 shows that after adjusting for the covariates,
we found infants with smoking mothers and those with
both parents smoking to have significantly shorter at
gestational ages than those with nonsmoking parents.
Table 2 Parental smoking during pregnancy correlated with birthweight (g) and low birthweight
Linear regression Logistic regression
Birthweight p Low birthweight p
Mean ± SE OR (95% CI)
Parental smoking during pregnancya
Neither parent 3057 ± 16.2 - 1.00 -
Only father 3094 ± 9.1 0.047 0.89 (0.51-1.54) 0.665
Only mother 2921 ± 52.2 0.013 2.58 (0.75-8.90) 0.135
Both parents 2973 ± 47.6 0.096 2.37 (0.51-10.92) 0.270
Paternal smoking amountb
None 3051 ± 16.2 - 1.00 -
1-10 cigarettes/day 3108 ± 14.2 0.009 0.81 (0.58-1.14) 0.230
11-20 cigarettes/day 3094 ± 14.1 0.044 0.66 (0.46-0.94) 0.022
>20 cigarettes/day 2900 ± 28.8 <0.001 2.09 (1.38-3.17) <0.001
Maternal smoking amountb
None 3085 ± 8.7 - 1.00 -
1-10 cigarettes/day 2968 ± 51.2 0.025 1.66 (0.84-3.27) 0.144
>10 cigarettes/day 2734 ± 76.4 <0.001 4.07 (1.88-8.82) <0.001
Smoking amount in both parentsb
None 3067 ± 16.9 - 1.00 -
1-20 cigarettes/day 3095 ± 10.0 0.154 0.95 (0.69-1.31) 0.747
>20 cigarettes/day 2911 ± 26.4 <0.001 2.24 (1.47-3.41) <0.001
Note. SE = standard error; OR = odds ratio; CI = confidence interval.
aAdjusted for birth order, maternal age at delivery, maternal employment, parental BMI, and residence.
bAdjusted for birth order.
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smoking mothers were born at a significant deficit, 0.96
weeks sooner than that of newborns of nonsmoking par-
ents. Infants born to both smoking parents were born
0.58 weeks sooner, on average, than those born to non-
smoking parents (p = 0.006). Compared with the non-
smoking parents, children with smoking mothers were
3.37 times more likely to be born at preterm gestation
(OR = 3.37, 95% CI [1.58, 7.19], p = 0.002). Children with
smoking parents were 3.10 times more likely to be born
at preterm gestation than those with nonsmoking par-
ents (OR = 3.10, 95% CI [1.37, 7.04], p = 0.007).
The association between the paternal smoking amount
and gestational age was evident in the group of fathers
who smoked >20 cigarettes/day, with a significantly de-
crease in gestational age (0.44 weeks). The association of
maternal smoking amount with gestational age and the
risk of preterm birth appeared to be dose-dependent.
The maternal smoking group had shorter gestational
ages, ranging from 0.72 weeks (1-10 cigarettes/day) to
1.01 weeks (>10 cigarettes/day). The largest estimated
association between the smoking amount in both par-
ents and gestational age was found in the group of >20
cigarettes/day, with a significant decrease in gestationalage (0.47 weeks). The association between paternal
smoking and preterm birth was more obvious in infants
whose fathers smoked >20 cigarettes/day (OR = 2.11,
95% CI [1.38, 3.23], p = 0.001). The risks of preterm
birth were significantly higher in mothers who smoked
1-10 cigarettes per day (OR = 2.68, 95% CI [1.45, 4.95],
p = 0.002) and >10 cigarettes per day (OR = 5.54, 95% CI
[2.61, 11.76], p < 0.001). With the nonsmoking group as
the baseline, the risk of preterm birth increased with the
number of cigarettes smoked daily for both parents > 20
cigarettes/day (OR = 2.30, 95% CI [1.49, 3.56], p < 0.001).
From the stratified analyses in Table 4, after adjusting
for the covariates, mean birth weight was significantly
associated with both parents smoking in urban area and
maternal smoking in rural area. The mean birth weight
of infants born to smoking fathers was 60 g higher (p =
0.053) in urban area and 16 g higher (p = 0.168) in rural
area than that of infants born to nonsmoking parents.
The mean birth weight of infants born to smoking
mothers was 14 g lower (p = 0.878) in urban area and
262 g lower (p < 0.001) in rural area than that of infants
born to nonsmoking parents. The mean birth weight of
infants born to smoking parents was 186 g lower (p =
0.049) in urban area and 28 g lower (p = 0.608) in rural
Table 3 Parental smoking during pregnancy correlated with gestational age (weeks) and preterm birth
Gestational age p Preterm birth p
Mean ± SE OR (95% CI)
Parental smoking during pregnancya
Neither parent 39.79 ± 0.1 - 1.00 -
Only father 39.75 ± 0.1 0.595 1.16 (0.78-1.71) 0.470
Only mother 38.83 ± 0.2 <0.001 3.37 (1.58-7.19) 0.002
Both parents 39.21 ± 0.2 0.006 3.10 (1.37-7.04) 0.007
Paternal smoking amountb
None 39.64 ± 0.1 - 1.00 -
1-10 cigarettes/day 39.93 ± 0.1 <0.001 0.51 (0.34-0.75) 0.001
11-20 cigarettes/day 39.76 ± 0.1 0.144 0.78 (0.55-1.11) 0.163
>20 cigarettes/day 39.20 ± 0.1 0.001 2.11 (1.38-3.23) 0.001
Maternal smoking amountb
None 39.78 ± 0.1 - 1.00 -
1-10 cigarettes/day 39.06 ± 0.2 <0.001 2.68 (1.45-4.95) 0.002
>10 cigarettes/day 38.77 ± 0.3 <0.001 5.54 (2.61-11.76) <0.001
Smoking amount in both parentsb
None 39.73 ± 0.1 - 1.00 -
1-20 cigarettes/day 39.82 ± 0.1 0.231 0.86 (0.61-1.20) 0.373
>20 cigarettes/day 39.26 ± 0.1 <0.001 2.30 (1.49-3.56) <0.001
Note. SE = standard error; OR = odds ratio; CI = confidence interval.
aAdjusted for birth order, maternal age at delivery, father’s education, household income, and residence.
bAdjusted for birth order.
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However, no significant associations were found between
LBW and parental smoking during pregnancy in four
groups.
The mean birth weight of infants born to fathers who
smoked >20 cigarettes/day was 231 g lower (p < 0.001)
in urban area and 78 g lower (p = 0.058) in rural area
than that of infants born to nonsmoking fathers. The as-
sociation of maternal smoking amount with birth weight
and risk of LBW appeared to be dose-dependent in both
urban and rural areas, ranging from -192 g (1-10 ciga-
rettes/day) to -299 g (>10 cigarettes/day) in urban area
and from -57 g (1-10 cigarettes/day) to -365 g (>10 ciga-
rettes/day) in rural area. The mean birth weight of in-
fants born to the smoking amount in both parents >20
cigarettes/day were 223 g lower (p < 0.001) in urban area
and 99 glower (p = 0.010) in rural area than that of infants
born to nonsmoking parents. The odds ratios (ORs) for
LBW of infants born to fathers who smoked >20 ciga-
rettes/day were 2.89 (p = 0.001) in urban area and 1.52
(p = 0.160) in rural area, respectively. The OR for LBW
of infants born to mothers who smoked >10 cigarettes/
day in urban and rural area was 1.13 (p = 0.905) and
6.23 (p = <0.001), respectively. The ORs for LBW of in-
fants born to the smoking amount in both parents >20cigarettes/day were 2.66 (p = 0.001) in urban area and
1.90 (p = 0.036) in rural area, respectively.
From the stratified analyses in Table 5, after adjusting
for the covariates, infants with both parents who smoked
in urban area and mothers who smoked in rural area
were significantly shorter at gestational age than those
with nonsmoking parents. Compared to infants born to
nonsmoking parents, the mean gestational age of infants
born to smoking mothers was 0.62 weeks shorter (p =
0.086) in urban area and 1.31 weeks shorter (p = <0.001)
in rural area. The mean gestational age of infants born
to smoking parents was 1.09 weeks shorter (p = 0.003) in
urban area and 0.2 weeks shorter (p = 0.440) in rural
area. The ORs for preterm birth of infants born to
smoking mothers were 1.87 (p = 0.307) in urban area
and 5.14 (p = 0.003) in rural area, respectively. The ORs
for preterm birth of infants born to smoking parents
were 4.70 (p = 0.002) in urban area and 1.49 (p = 0.638)
in rural area, respectively.
After adjusting for birth order, the mean gestational
age of infants born to fathers who smoked >20 ciga-
rettes/day was 0.71 weeks shorter (p = 0.001) in urban
area and 0.21 weeks shorter (p = 0.195) in rural area than
that of infants born to nonsmoking fathers. The associ-
ation of maternal smoking amount with gestational age
Table 4 Parental smoking during pregnancy correlated with birth weight (g) and low birth weight, stratified by
residence
Urban Rural
Linear regression Logistic regression Linear regression Logistic regression
Birthweight p Low birthweight p Birthweight p Low birthweight p
Mean ± SE OR (95% CI) Mean ± SE OR (95% CI)
Parental smoking during pregnancya
Neither parent 3062 ± 26.3 - 1.00 - 3057 ± 19.8 - 1.00 -
Only father 3122 ± 16.4 0.053 0.58 (0.27-1.26) 0.168 3073 ± 10.3 0.489 1.48 (0.67-3.28) 0.332
Only mother 3048 ± 86.3 0.878 0.78 (0.08-8.12) 0.834 2795 ± 63.2 <0.001 5.91 (0.98-35.67) 0.053
Both parents 2876 ± 90.6 0.049 0.93 (0.11-7.90) 0.947 3029 ± 51.9 0.608 8.77 (0.94-81.47) 0.056
Paternal smoking amountb
None 3081 ± 25.2 - 1.00 - 3018 ± 20.9 - 1.00 -
1-10 cigarettes/day 3151 ± 23.4 0.044 0.78 (0.46-1.33) 0.361 3074 ± 17.4 0.041 0.79 (0.50-1.23) 0.296
11-20 cigarettes/day 3103 ± 26.1 0.551 0.94 (0.55-1.60) 0.809 3090 ± 16.0 0.006 0.49 (0.30-0.78) 0.003
>20 cigarettes/day 2850 ± 47.4 <0.001 2.89 (1.59-5.27) 0.001 2940 ± 35.4 0.058 1.52 (0.85-2.71) 0.160
Maternal smoking amountb
None 3105 ± 14.7 - 1.00 - 3069 ± 10.3 - 1.00 -
1-10 cigarettes/day 2913 ± 86.8 0.029 1.41 (0.49-4.10) 0.524 3012 ± 61.2 0.359 1.94 (0.80-4.69) 0.143
>10 cigarettes/day 2806 ± 154.9 0.055 1.13 (0.14-9.01) 0.905 2704 ± 82.1 <0.001 6.23 (2.60-14.92) <0.001
Smoking amount in both parentsb
None 3078 ± 26.4 - 1.00 - 3053 ± 21.9 - 1.00 -
1-20 cigarettes/day 3127 ± 17.3 0.117 0.87 (0.55-1.40) 0.577 3073 ± 11.9 0.431 0.98 (0.62-1.53) 0.911
>20 cigarettes/day 2855 ± 44.5 <0.001 2.66 (1.46-4.84) 0.001 2954 ± 31.9 0.010 1.90 (1.04-3.46) 0.036
Note. SE = standard error; OR = odds ratio; CI = confidence interval.
aAdjusted for birth order, maternal age at delivery, maternal employment status, and parental BMI.
bAdjusted for birth order.
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urban area. All infants of the maternal smoking groups
had shorter gestational age, ranging from 0.75 weeks
(>10 cigarettes/day) to 0.98 weeks (1-10 cigarettes/day)
in urban area and from 0.5 weeks (1-10 cigarettes/day)
to 1.21 weeks (>10 cigarettes/day) in rural area. The lar-
gest estimate effect of the smoking amount in both par-
ents on gestational age was found among group of >20
cigarettes/day, decreased in gestational age of 0.72
weeks (p < 0.001) in urban area and -0.28 weeks (p =
0.068) in rural area. The ORs for preterm birth of in-
fants born to fathers who smoked >20 cigarettes/day
were 2.80 (p = 0.001) in urban area and 1.60 (p = 0.143)
in rural area, respectively. There was a dose-dependent
association between maternal smoking amount and risk
of preterm birth both in urban and rural areas. The
ORs for preterm birth of infants born to mothers who
smoked 1-10 cigarettes/day were 3.11 (p = 0.007) in
urban area and 2.16 (p = 0.115) in rural area, respect-
ively and >10 cigarettes/day in urban and rural area
were 4.34 (p = 0.034) and 6.76 (p < 0.001), respectively.
The ORs for preterm birth of infants born to bothparents’ smoking amount >20 cigarettes/day were 2.79
(p = 0.001) in urban area and 1.97 (p = 0.045) in rural
area, respectively.
Table 6 showed the nonparametric component of the
model. The chi-square values indicate that for birth-
weight and LBW, the smoothing terms of paternal
smoking amount and smoking amount in both parents
are highly significant, and maternal smoking amount is
not statistically significant. For gestational age and pre-
term birth, the chi-square values indicate that the non-
parametric effect of paternal smoking amount, maternal
smoking amount, and smoking amount in both parents
are significant at the 5% level.
Figure 1 graphically shows the relationships between
parental smoking amount and birth outcomes as the con-
tinuous variables. The birthweight increased sharply ap-
proximately below 15 cigarettes/day (Figure 1A and 1C),
decreased sharply above this number, and then shows a
rapid increasing response when the smoking amount rise
above 50 cigarettes/day. Figure 1B shows a sharp de-
creased response below approximately 10 cigarettes/day,
and then a rapid increasing response above this number;
Table 5 Parental smoking during pregnancy correlated with gestational age (weeks) and preterm birth, stratified by
residence
Urban Rural
Gestational age p Preterm birth p Gestational age p Preterm Birth p
Mean ± SE OR (95% CI) Mean ± SE OR [95% CI]
Parental smoking during pregnancya
Neither parent 39.69 ± 0.1 - 1.00 0- 39.84 ± 0.1 - 1.00 -
Only father 39.54 ± 0.1 0.219 1.16 (0.69-1.95) 0.582 39.91 ± 0.1 0.482 1.13 (0.61-2.08) 0.704
Only mother 39.07 ± 0.4 0.086 1.87 (0.56-6.18) 0.307 38.53 ± 0.3 <0.001 5.14 (1.72-15.41) 0.003
Both parents 38.60 ± 0.4 0.003 4.70 (1.74-12.73) 0.002 39.64 ± 0.2 0.440 1.49 (0.28-7.82) 0.638
Paternal smoking amountb
None 39.61 ± 0.1 - 1.00 - 39.66 ± 0.1 - 1.00 -
1-10 cigarettes/day 39.73 ± 0.1 0.339 0.76 (0.46-1.26) 0.286 40.10 ± 0.1 <0.001 0.29 (0.15-0.55) <0.001
11-20 cigarettes/day 39.56 ± 0.1 0.722 0.96 (0.57-1.60) 0.869 39.88 ± 0.1 0.038 0.68 (0.42-1.11) 0.120
>20 cigarettes/day 38.90 ± 0.2 0.001 2.80 (1.56-5.01) 0.001 39.45 ± 0.1 0.195 1.60 (0.85-2.98) 0.143
Maternal smoking amountb
None 39.60 ± 0.1 - 1.00 - 39.91 ± 0.0 - 1.00 -
1-10 cigarettes/day 38.62 ± 0.3 0.002 3.11 (1.37-7.06) 0.007 39.41 ± 0.2 0.038 2.16 (0.83-5.64) 0.115
>10 cigarettes/day 38.85 ± 0.6 0.184 4.34 (1.12-16.87) 0.034 38.74 ± 0.3 <0.001 6.76 (2.73-16.77) <0.001
Smoking amount in both parentsb
None 39.64 ± 0.1 - 1.00 - 39.81 ± 0.1 - 1.00 -
1-20 cigarettes/day 39.64 ± 0.1 0.974 0.89 (0.56-1.40) 0.615 39.94 ± 0.1 0.167 0.88 (0.52-1.46) 0.613
>20 cigarettes/day 38.92 ± 0.2 <0.001 2.79 (1.56-4.98) 0.001 39.53 ± 0.1 0.068 1.97 (1.02-3.82) 0.045
Note. SE = standard error; OR = odds ratio; CI = confidence interval.
aAdjusted for birth order, maternal age at delivery, father’s education, and household income.
bAdjusted for birth order.
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Figure 1D and 1F shows a modest increased response
below 12 cigarettes/day, a modest decreased above this
number, and then a gradual increasing response when the
smoking amount rise above approximately 35 cigarettes/
day. The gestational age decreased gradually with mater-
nal smoking amount below 5 cigarettes/day (Figure 1E),
increased sharply above this number, decreased sharply
above 20 cigarettes/day, and then shows an increasing re-
sponse when the smoking amount rise above 35 ciga-
rettes/day.
Figure 2 depicts the relationships between parental
smoking amount and birth outcomes, defined as binary
indicators (LBW and preterm birth). Figure 2A and 2C
shows almost zero response of LBW to paternal smoking
amount and smoking amount in both parents below 25
cigarettes/day, a modest increased response above this
number, showing a peak at approximately 75 cigarettes/
day after which the response decline. Figure 2B depicts a
negative relationship between LBW and maternal smok-
ing amount; however the association was not statistically
significant. Figure 2D and 2F shows almost zero re-
sponse of preterm birth to paternal smoking amountand smoking amount in both parents below 50 ciga-
rettes/day after which the response declines. Preterm
birth increases gradually with rising maternal smoking
amount (Figure 2E), showing a peak at approximately 10
cigarettes/day after which the response declines. All
plots become highly variable at the ends.
Discussion
Associations of parental smoking during pregnancy with
the birth outcomes of their children
We have presented representative population-based data
concerning child birthweight and gestational age in
Indonesia. Our study confirms the detrimental associa-
tions between parental smoking during pregnancy and
birth outcomes. Previous studies have shown a signifi-
cant birthweight decrease among infants born to smok-
ing fathers that decrease ranging from 11-113 g [11-16].
Second-hand smoke contains many toxic chemicals that
can harm an unborn baby. They are inhaling the nico-
tine, carcinogens, and toxic chemicals found in tobacco
smoke [4]. Nicotine and carbon monoxide in the blood
of a pregnant woman exposed to second-hand smoke
can decrease the blood flow to the unborn baby, affect
Table 6 Results for estimation of Generalized Additive Model (GAM) to birth outcomes, adjusted for birth order
Variables Parameter estimates Analysis of deviance
Estimate Standard error Chi-square p
Birthweight
Paternal smoking amount −2.097 0.900 30.09 <0.001
Maternal smoking amount −16.454 3.732 6.14 0.105
Smoking amount in both parents −2.890 0.890 27.67 <0.001
Gestational age
Paternal smoking amount −0.010 0.004 22.67 <0.001
Maternal smoking amount −0.062 0.014 11.14 0.011
Smoking amount in both parents −0.013 0.004 16.87 0.001
Low birthweight
Paternal smoking amount 0.017 0.006 17.75 <0.001
Maternal smoking amount 0.070 0.019 1.18 0.554
Smoking amount in both parents 0.022 0.006 12.23 0.002
Preterm birth
Paternal smoking amount 0.021 0.007 16.07 <0.001
Maternal smoking amount 0.088 0.019 6.55 0.038
Smoking amount in both parents 0.028 0.007 10.45 0.005
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system and may lead to low birthweight [28]. However,
in our study we found that paternal smoking did not de-
crease birthweight. This result is in line with a previous
study [17]. Our explanation is that fathers might choose
to not smoke in the presence of their pregnant wives.
Although previous studies have supported our findings
and described an insignificant association of paternal
smoking with LBW and preterm birth infants [17-19],
current studies indicates that paternal and maternal
smoking create significant adverse effects in LBW and
the preterm birth of newborns.
Although the prevalence of maternal smoking was
relatively low in our study, the maternal smoking groups
revealed a significantly lower mean birthweight, shorter
mean gestational age, and a higher risk of preterm birth
than did the nonsmoking parents groups. But maternal
smoking was not associated with the risk of LBW. Our
finding is consistent with previous studies demonstrating
that active maternal smoking during pregnancy induces
birthweight and gestational age reduction [7-9,29,30].
The associations of maternal smoking during pregnancy
with LBW and with preterm birth were greater and sta-
tistically significant [10,11,31-33]. Animal studies [28]
also demonstrate how maternal smoking affects birth-
weight through the effects of nicotine on fetal and pla-
cental development [34]. The flow of blood between the
uterus and the placenta is slowed by nicotine [35], which
restricts the supply of nutrients and oxygen. Smoke pro-
duces carbon monoxide, which is potent vasoconstric-
tors of placental vessels, combines with oxygen to carryhemoglobin to form carboxyhemoglobin, thus further
restricting the supply of oxygen. A consequence of these
mechanisms is lower fetal growth, which in turn can
lower birthweight and increases preterm births.
The results of this study show that both parents
smoking groups showed a non-significant lower mean
birthweight and a higher risk of LBW than did the non-
smoking parents groups due to limited sample size.
Previous reports showed that birthweight of infants was
found to be further reduced if both parents smoked
[12]. Yerushalmy [36] found that there was a significant
increase in the LBW rate when both parents smoked,
but not when only one parent smoked, compared with
when neither smoked. The insignificant association be-
tween both parents smoking and the risk of LBW was
due to low percentage of both parents smoking (2.7%)
and low proportion of LBW (8.3%). In our study, com-
pared with nonsmoking parents, both parents smoking
were significantly correlated with shorter mean gesta-
tional age and a higher risk of preterm delivery. We
suggested that maternal smoking is more influential
than paternal smoking in relation to gestational age and
preterm birth. Previous studies on maternal smoking
have supported this finding [29-33] and demonstrating
that maternal smoking was significantly associated with
shorter gestational age and a risk of preterm birth.
Associations of parental smoking amount during
pregnancy with birth outcomes on their children
In our study, paternal smoking amount played an im-
portant role on the infant birthweight, especially fathers
Figure 1 GAM-estimated relationships between parental smoking amount and birthweight (A-C) and gestational age (D-F), adjusted
for birth order. Note. famount = paternal smoking amount; mamount =maternal smoking amount; pamount = smoking amount in both parents.
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Figure 2 GAM-estimated relationships between parental smoking amount and LBW (A-C) and preterm birth (D-F), adjusted for birth
order. The solid lines indicate the estimated mean percentage of change in birth outcomes, and the dotted lines represent 95% confidence
interval. Note. famount = paternal smoking amount; mamount =maternal smoking amount; pamount = smoking amount in both parents.
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compares well with previous studies demonstrating
that newborns of nonsmoking mothers whose fathers
smoked >20 cigarettes per day had a mean deficit of88 g [37] and an average reduction in birthweight of
120 g [38]. Previous reports from Italy [39] and India
[40] also suggest significant associations of paternal
smoking on birthweight. Our findings, those fathers
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ting LBW infants and shorter at gestational age com-
pared with those born to non-smoking fathers, were
also in line with the study in Japan [13]. Amounts of
maternal smoking revealed a lower mean birthweight
and gestational age as well as a much higher OR of
LBW and preterm birth than did the nonsmoking
mothers and this association showed a dose-dependent
trend. In previous studies, a difference in risk between
heavy and light smokers was consistently reported [41].
Compared with those born to non-smoking mothers,
the birthweight notably decreased with advancing num-
ber of cigarettes smoked per day: being doubled OR
with statistically significance of LBW. These findings
are in essentially parallel with the result of meta-
analysis by Kramer [42]. Moore and Zaccaro [43] also
found different risks for different numbers of cigarettes
smoked per day, but, in a systematic review and meta-
analysis, this relationship was not clear [44]. Both
mother-smokers and father-smokers showed the same
effect as contemporary international data [2]. The effect
of father’s smoking would appear greater when the
women admitted to smoking (presumably truthfully),
possibly because if the father smokes, the mother is
likely to smoke more heavily [38]. These facts could
perhaps be used to persuade new parents to reduce
their smoking.
We furthermore used an analytical approach (General-
ized Additive Modelling) that is specifically designed to
analyse data when the impact of predictors on the out-
come variables are nonlinear. We showed that paternal
smoking amount, maternal smoking smoking, and smok-
ing amount in both parents were all closely associated
with birth outcomes, except for maternal smoking
amount, which was not associated with birthweight and
LBW. The sharp decrease in birthweight between 15-50
cigarettes/day and in gestational age between 12-35 ciga-
rettes/day as well as the gradual increased in LBW be-
tween 25-75 cigarettes/day and in preterm birth between
1-50 cigarettes/day for smoking fathers and both smok-
ing parents provides a partial explanation that heavy
cigarette smoking can endanger unborn babies. The
shortened gestational age between 1-5 cigarettes/day and
between 20-35 cigarettes/day as well as the modest in-
creased in preterm birth between 1-10 cigarettes/day for
smoking mothers also suggest that even a light cigarette
smoking can have an outsize effect on the pregnancy
duration.
Associations of parental smoking and amount of parental
smoking during pregnancy with birth outcomes in urban
and rural areas
Our study confirms different detrimental effects on birth
outcomes of smoking during pregnancy by differentresidence. Paternal smoking did not decrease birth
weight and did not have any significant influences on
the LBW, gestational age, or preterm birth of their chil-
dren in both urban and rural area. Previous studies have
supported our finding [17-19]. The explanation is that
fathers may try not to smoke in the presence of pregnant
wives thus the newborns or infants do not directly ex-
pose from fathers’ smoking. It is possible that the aver-
age amount of cigarettes smoking per day in fathers
were not high enough to observe an effect on adverse
birth outcomes in their children. In urban area, the asso-
ciations between fathers who smoked >20 cigarettes/day
and the smoking amount in both parents >20 cigarettes/
day with birth weight, gestational age, and the risk of
LBW and preterm birth were significant; however in
rural area, the associations were not significant. The na-
tional nutritional surveillance system among more than
175,000 urban slum households reported that paternal
smoking predicts an increased probability of short-term
and chronic child malnutrition [45]. The environment
condition and social and family networks in urban area
such as more densely populated, weaker relationships
and interactions of the people, and higher rate of air pol-
lution from vehicles, industry, domestic heating, and
cooking sources which exceed the capacity of the cities’
natural ventilation systems, more smoke-free environ-
ments from public area, may also contribute to adverse
birth outcomes in urban area compare to rural area.
Maternal smoking, especially mothers who smoked >10
cigarettes/day was not significantly associated with birth
weight, gestational age, and the risk of LBW and preterm
birth in urban area, but the associations were significant
in rural area. There was a significant higher percentage
of smoking mothers, non-educated mothers, working
mothers, low family income in rural area than that in
urban area. This is consistent with the nationally repre-
sentative surveys in Indonesia showed that female
adults smoking prevalence was higher in rural areas
than the urban areas [22,23,46]. A research study spe-
cifically found that women living in rural areas were at
significantly increased risk for having preterm and
LBW infants [47]. The higher level of smoking preva-
lence in rural areas was probably due to the low level of
knowledge of the health risks of smoking, less informa-
tion about smoking hazards, in addition to more poverty
and lower levels of educational attainment compared to
those living in urban areas [48]. Women of low socio-
economic status are at increased risk for delivering
LBW babies [49]. Research has shown that poverty,
both at the regional and household level, predicts LBW
and preterm birth [50,51]. Previous studies have re-
vealed that women without a high school diploma are
at significantly higher risk of delivering preterm, LBW,
and small-for-gestational-age babies [51,52]. Low-income
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than other households because they do not consume the
recommended amounts of fruit, vegetables, meats, whole
grains and low-fat dairy products. Mothers of a low in-
come family feel the need to improve their economy
by working. People in rural area are mostly having
homogenous profession and depending on agriculture.
Despite the beneficial effects of employment on in-
come, mothers who work in strenuous occupations, in-
cluding those that involve prolonged standing, are at
heightened risk for both preterm delivery and having
LBW babies [53]. Occupational exposures to toxic sub-
stances and solvents have also been linked to preterm
delivery [54-56]. Further, rural women are more likely
to be underserved by prenatal and obstetric care that
can prevent pregnancy complications [57]. Unintended
pregnancy can lead to poor birth outcomes through its
association with risky behaviors such as prenatal smok-
ing and unhealthy weight maintenance, higher preva-
lence of which have been demonstrated for rural
women [51,58].
Strengths and limitations
Numerous studies have demonstrated that maternal
smoking and/or maternal exposure to passive smoke
during pregnancy is associated with adverse birth out-
comes, however further evidences for smoking behaviors
by both parents on birth outcomes have rarely been ana-
lyzed. There is insufficient scientific research on smok-
ing and health in the Indonesian population. To our
knowledge, this study is among the first studies in
Indonesia to assess the association of paternal smoking,
maternal smoking, and both parents smoking during
pregnancy with birth outcomes on their children in
urban-rural settings.
The findings of the present study should be viewed
with some limitations in mind. First, reports of parental
smoking during pregnancy were retrospective. While
studies show high reliability in self-reported smoking
status [59], nonetheless, the extent to which under-
reporting of smoking status may or may not occur is
unknown, thereby introducing some non-differential mis-
classification bias. Second, birthweight and gestational age
were obtained from maternal recall or self-reported rather
than hospital birth records. Although maternal recall of
birthweight and gestational age seems to be sufficiently ac-
curate for clinical and epidemiological use [60,61], the ac-
curacy of self-reported birthweights is less certain. Some
mothers were unsure of the date of their last menstruation
(perhaps due to period irregularities), therefore they re-
ported their pregnancy duration in months without de-
tailed information about its weeks. Previous studies
have reported a poor degree of correspondence be-
tween birthweights recorded in official records andself-reported birthweights [62]. Third, the dissemin-
ation of information on adverse consequences of smok-
ing may have discouraged some mothers or fathers
from disclosing it. It is likely that many mothers or fa-
thers who smoked claimed to have stopped smoking.
Lastly, the information about father’s education, mater-
nal employment status, parental BMI, household in-
come, and residence were obtained after the child was
born. Socioeconomic and lifestyle change as well as
urban-rural migration, however, may have influenced
our findings to some extent.
Conclusions
A significant reduction in birthweight and gestational
age, as well as an increased risk of LBW and preterm
birth were found to be associated with maternal smok-
ing and the heavy amount of parental smoking. Smok-
ing cessation/reduction should be advised to pregnant
women to reduce morbidities in their neonates. In
urban areas, there continues to be a clear need for
health care professionals to counsel both smoking ex-
pectant mothers with smoking spouses, especially when
their husbands smoked >20 cigarettes/day regarding
the adverse consequences of smoking during their preg-
nancy and offer behavioral counseling. Not only does
maternal smoking during pregnancy, directly and indir-
ectly, influence the well-being of the children (from
fetal stages through young adulthood) but also has key
health consequences for the expecting mother.
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